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Appendix B-1 
Results From Unocal Oil Spill Modeling  
Applicable to the Shell Marine Terminal 

 
Background of Previous Spill Modeling 
 
In 1994, the EIR prepared for the Consideration of a New Lease for the Unocal Marine 
Terminal (now ConocoPhillips, Rodeo), extensively analyzed the potential 
consequences of oil spills on the environment.  No previous Bay-wide area oil modeling 
was available at that time.  The analysis was conducted to estimate the probability of 
spills and fate of the spilled material (e.g., where the oil would go if a spill occurred) for 
transit lanes within the greater Bay Area as well as the outer coast.  Modeling specific to 
the Unocal Marine Terminal also was conducted.  Spill trajectory modeling was used to 
evaluate (1) the effectiveness of existing response capabilities of Unocal and supporting 
Bay Area oil spill response organizations, (2) impacts on future response capability 
(since the Unocal lease was to be for a 40-year period), and (3) assessment of impacts 
of spills on biological, water quality, commercial and recreational fisheries, shoreline 
uses, recreational users, and visual resources. 
 
Modeling included a combination of the hydrodynamics of tidal and current conditions 
throughout the Bay, into Carquinez Strait, and outer coast combined with a complex 
program of simulated oil spills.  These data were overlain via GIS with mapped sensitive 
resources that occur to help determine the potential for impacts and thus, determine 
mitigation to be applied.  The hydrodynamic simulation modeling was conducted by the 
Center for Environmental and Water Resources Engineering of the University of 
California at Davis, California, and the oil spill modeling was conducted by Ecological 
Consulting, Inc., Portland, Oregon. 
 
Resource mapping was undertaken by the CSLC, the Center for Environmental Design 
Research at the University of California at Berkeley, Ecological Consulting, Inc., and 
Chambers Group, Inc., Irvine.  In all cases, resource mapping involved a map-based 
delineation of relevant features of ecological interest or related importance, and the 
conversion of those features to digital form.  Both the CSLC and Chambers Group 
developed and digitized resources maps from standard base maps (USGS 1:24,000 
quadrangles).  As a separate effort, the CSLC digitized the entire California and San 
Francisco Bay shoreline at 1:24,000 scale.  Resource maps were merged with this 
standard shoreline to ensure geographic consistency across data sets.   
 
Oil spill model results were combined with the resources data base to produce a GIS 
based, synthesized map coverage that displayed the interaction between oil spill 
scenarios and vulnerable resources, over time, to the maximum extent of the spread of 
the oil.  These coverages were used in the analysis of potential impacts in the EIR.  The 
areal extent of impact was able to be produced in both mapped and tabular formats.  
Maps showed a resource or grouping of resources with either probabilistic or scenario 
oil spill spread information overlain.  Tables were produced, showing the amount of a 
resource that was affected by modeling in either miles (for shoreline) or acres (areal 
extent, such as a wetland).  In this manner, potential impacts could be both visually 
assessed and quantified.   
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Modeling 
 
Ecological Consulting used the modeling technique, OSRISK, developed by the 
National Oceanographic and Atmospheric Administration (NOAA) Hazardous Materials 
Modeling Group to describe this process.  A spill is represented as a cluster of 
independently moving points (called Lagrangian elements), each one representing a 
fraction of the entire spill volume.  The basic model output for a given oil spill scenario is 
a tracking of the position of the Lagrangian elements at 30-minute intervals within the 
Bay.  The area affected by an oil spill varies greatly with the volume of the spill, age of 
the spill, and the wind and current conditions that prevail during the course of the spill.  
OSRISK simulated the process of spreading using random diffusion factors which were 
based on the real hydrodynamic modeling incorporated by the data from the University 
of California at Davis.   
 
Because both crude and refined petroleum products typically contain a substantial 
portion of volatile compounds, the volume of a spilled product that remains in the 
environment will decrease with time.  Most products are composed of a number of 
fractions that vary greatly in terms of their volatility.  Light, volatile fractions usually 
disappear within hours, while heavier, tarlike fractions may persist for years.  The model 
OSRISK describes this process.  Spilled volume are divided into component fractions, 
each component having an estimated half-life.  At the time when a Lagrangian element 
is released, it is assigned to one of the oil fractions.  The number of Lagrangian 
elements assigned to each fraction is proportional to the relative volume of that volatile 
compound and has a specific probability of disappearing.   
 
A wide range of crude oils and refined products are shipped into and out of the Bay, as 
such crude oil and products were divided into two general classes:  light products and 
crude oil.  Simulations of light product spills were based on the characteristics of 
kerosene, a typical light refined product.  This type of product volatilizes relatively 
rapidly, and little remains within 24 to 48 hours after a spill occurs.  Crude oils also vary 
widely in their composition, but typically contain a substantial amount of highly 
persistent tar-like compounds.  While the lighter fractions of a crude oil spill may 
disappear over a period of several days, the remaining heavier fractions may last from 
several weeks to several months, floating at or near the water surface.  Initially, these 
heavier fractions may emulsify with sea water to form a substance called mousse.  In 
this state, the effective volume of oil can actually increase in spite of the evaporation of 
the more volatile components.  The remaining oil may eventually form into highly 
persistent tarballs or mats.  All of these processes depend not only on the composition 
of the spilled crude oil, but also on weather conditions and sea state.  Therefore, crude 
oil was modeled as persistent, and each Lagrangian element was tracked until it 
beached or moved outside the model domain.  Because spills within the Bay can be 
deposited on land within a few days, they were tracked by the model for up to two 
weeks.  Because spills along the tanker routes outside the Bay can take several weeks 
to make landfall, those model runs were tracked for up to 30 days.  
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Probablistic Analysis 
 
Probablistic/conditional modeling was used to estimate the likelihood that a spill would 
contact a given region or resource at any time during the life of the proposed Unocal 
lease.  This took into account the likelihood that a spill would occur in a particular 
location, the probability that a given type of material would be spilled, the probability that 
a spill would be of a particular volume and the likelihood that a spill would occur at a 
particular time of the year.  The modeling showed the general flow of high, medium and 
light volumes of oil during three seasonal variations reaching the shoreline in the Bay.   
 
Of pertinence to the Shell Terminal is the fact that Unocal tankering and those tankers 
bound for the Shell Terminal both follow the same established tanker lanes at least up 
to the point where Unocal-bound tankers pull out of the main lanes to the Unocal 
(ConocoPhillips) facility.  The modeling found that oil spills along the route used by 
these tankers through the Bay predominantly affect waters of the ship channel, where 
they are moved back and forth with tidal currents.  This effect is greatest in the north 
part of San Francisco Bay and in San Pablo Bay.  Closer to the Golden Gate, spills tend 
to be flushed from the Bay on ebb tides.  Most waters within about 2 km of the ship 
channel are subject to at least a 30 percent change of contact from crude oil spills 
(slightly less for product spills).  The likelihood of contact declines with distance from the 
ship channel, especially over broad expanses of shallow water and mudflats.  Land 
subject to the greatest chance of contact is in Carquinez Strait, Mare Island, along the 
southern shore of San Pablo Bay, from Point San Pablo to Point Richmond, the eastern 
shore of the Tiburon Peninsula, and Angel Island.  The likelihood of moderate or heavy 
oiling follows the same pattern, with the greatest chance found in deeper waters of the 
ship channel.  Point San Pablo and Angel Island are each subject to a 12 to 17.5 
percent chance of moderate oiling from a crude oil spill and up to a 3 percent chance of 
heavy oiling.   
 
Scenario Modeling 
 
The Unocal EIR modeling included the display of 14 individual, various-sized Bay 
scenarios representing spills of crude and product.  These spills were meant to examine 
the severity of potential impacts on sensitive resources, and were based on reasonable 
worst-case oil spill scenarios.  The quantity of oil released in each scenario was 
determined after considering historical spill sizes and data on engineering and design of 
tankers and transfer facilities.  The time-course of movement and spread of the oil was 
then modeled under specified currents and winds.  Each spill scenario was constructed 
from the output of 150 to 1,000 model runs (number of runs determined by the quantity 
of oil released), each providing the time-course of movement of a dimensionless point 
(Lagrangian element) representing a portion of the oil released.   
 
Scenarios included spills in the immediate area of the Unocal Terminal, and scenarios 
for spills in the San Francisco Bay nearby traffic lanes.  Of note, those scenarios within 
the Bay or coastal traffic lanes can be applied to any assessment of impacts interested 
in consideration of the oil spread from a tanker spill.  
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Twelve scenarios were in the San Francisco Bay/San Pablo Bay/Carqinez Strait areas, 
and included:  1,000 bbl spills launched at the Unocal Terminal of crude oil under ebb 
tide and flood tide conditions (Scenarios 1 and 2); 20,000 bbl spills of crude oil launched 
from the shipping lane northwest of the Unocal Terminal under ebb tide and flood tide 
(Scenarios 3 and 4); 1,000 bbl spills of crude oil launched from the shipping lane at the 
east end of Carquinez Strait under ebb and flood tides (Scenarios 5 and 6); 500 bbl 
product spills released from the Unocal Marine Terminal under flood and ebb tides 
(Scenarios 7 and 8); 100,000 bbl spills of crude oil released over a 24-hour period in the 
tanker lane near Alcatraz Island about 5 km southwest of Hunters Point during flood tide 
and ebb tide conditions (Scenarios 9 and 10); and two scenarios run as representative 
of 100,000 bbl spills in the outer coast shipping lanes.  All models were run to display 
the maximum areal extent of oiling.  Two seasonal variations were run for each 
scenario, representative of the variable wind conditions in the Bay.  The time-course of 
movement and spread of the oil was then modeled under specified winds and currents 
to the maximum oil spread.  
 
Scenarios Applicable to the Shell Terminal 
 
Three of the modeled scenarios from the Unocal EIR (Bay Scenarios 4, 5, and 6, in 
Figures 4.2-5, 4.2-6, and 4.2-7, respectively), are considered applicable to the Shell 
Terminal as an aid in determining the potential spread of oil spills that could originate 
from the established tanker route near Carquinez Strait.  Even though the points of 
release for these scenarios are outside of Carquinez Strait, the scenarios show that that 
tidal conditions are such that oil can easily spread and beach in the area of the Shell 
Terminal.  The Unocal EIR results are also consistent with those provided in the EIR for 
the Shore Terminals LLC marine terminal lease renewal (Chambers Group 2004) and 
Shore Terminals’ own spill model and trajectory analysis included in their Spill 
Response Plan and included herein as Appendix B-2 (reproduced from the Shore 
Terminals EIR), and the Clean Bay trajectory analysis contained in the Wickland Oil 
Martinez 1998 Application (see Appendix B-3).  All three analyses are consistent in that 
they show widespread oiling in Carquinez Strait.  Thus, no new oil spill modeling has 
been conducted specific to the Shell Terminal, also located in Carquinez Strait. The 
Shell Terminal’s Oil Spill Response Plan contains a determination of worst case 
discharge of oil and a tabular format of sensitive areas that could be oiled from a spill.  
The sensitive areas match those depicted in the other model runs discussed herein. 
The Shell Terminal is located approximately 1.5 miles west of the Shore Terminal.  For 
the purposes of the analysis in this EIR, it was assumed that spills of oil at or near the 
Shell Terminal have the potential to contact all areas in Carquinez Strait and into 
San Pablo Bay. 
 
The descriptions of Bay Scenarios 4, 5, and 6 are provided below Figures 4.2-5, 4.2-6, 
and 4.2-7, respectively.   
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Bay Scenario No. 4.  Scenario No. 4 was a 20,000-bbl spill of crude oil released over a 
24-hour period along the tanker route about 2 kilometers northwest of the 
ConocoPhillips (former Unocal) Marine Terminal.  The modeled spill was moved by a 
sequence of winds beginning June 26, 1990, and a flood tide; all spill elements had 
beached after 63 hours.  Initially, oil was carried on flood tide through the Carquinez 
Strait and deep into Suisun Bay, and then carried on ebb tide into central San Pablo 
Bay.  Contact with the shoreline was continuous from Mare Island along the north side 
of Carquinez Strait to Army Point (at the northern terminus of the Benecia-Martinez 
Bridge), and along the south side from Davis Point to the town of Crockett.  Patches of 
oil also beached from Martinez to Port Chicago and in Suisun Bay on Simmons Island 
(part of Grizzly Island). 
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Bay Scenario No. 5.  Scenario No. 5 was a 1,000-bbl spill of crude oil released in the 
tanker land at the east end of Carquinez Strait.  The modeled spill was moved by a 
sequence of winds beginning February 14, 1990, and a flood tide; all spill elements had 
beached after 27 hours.  Within the first 3 hours, winds and currents carried oil out of 
the Strait and into Suisun Bay.  Over the next 24 hours, oil spread extensively to contact 
intertidal mudflats in Grizzly Bay, and around Roe, Ryer and Simmons Islands in Suisun 
Bay.  Shoreline contact occurred predominately along eastern Grizzly Bay and the 
south side of Simmons and Dutton Islands. 
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Bay Scenario No. 6.  Scenario No. 6 was a 1,000-bbl spill of crude oil released in the 
tanker land at the east end of Carquinez Strait.  The modeled spill was moved by a 
sequence of winds beginning June 20, 1990, and a flood tide; all spill elements had 
beached after 12 hours.  Most oil from this scenario beached within a few hours of 
release along the south shore of Suisun Bay from about Pacheco Creek to Middle Point, 
including the Avon-Port Chicago Marsh.  
 



 
This page intentionally left blank. 

 



Appendix B-2 

SENSITIVE RESOURCES AND SPILL MODEL AND 
TRAJECTORY ANALYSIS FROM SHORE TERMINALS 

OIL SPILL RESPONSE PLAN 
MARCH 2001 

(Reproduced from Shore Terminals LLC DEIR, 
May 2004)  
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CLEAN BAY TRAJECTORY ANALYSIS 
CONTAINED IN WICKLAND OIL MARTINEZ 

APPLICATION RESPONSES AND SUPPORTING 
APPENDICES, SEPTEMBER 17, 1998 

(Reproduced from Shore Terminals LLC DEIR, 
May 2004) 
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